ABSTRACT: Identifying and optimizing housing and management systems that improve the well-being of the gestating sow is essential to sustaining animal agriculture. Therefore, the impact of 2 floor-space allowances and a high-fiber gestation diet on dry group-housed sows were evaluated using multiple measures of well-being. Groups of 10 multiparous sows/pen (n = 221) were assigned randomly to treatments in a 2 × 2 factorial arrangement to either a corn-soybean meal diet (CTL) or corn-soybean meal diet supplemented with soybean hulls and wheat middlings (FBR), and floor-space allowance of either 1.7 or 2.3 m 2 /sow. Sow BW, backfat (BF), and body condition score (BCS) were all recorded on d 34, 65, 90, and 110 of gestation, whereas skin lesions were scored on d 34, every 2 d for the first 2-wk postmixing, and then biweekly throughout gestation. Blood sample was collected only on d 34 for cortisol (baseline), and samples were collected on d 90 of gestation for other measures including cortisol.
INTRODUCTION
Group housing of pregnant sows from 4 wk after service to 1 wk before farrowing is required in the European Union (EU directive 2001/88/CE) as of January 1, 2013. Despite these EU regulations, the acceptable floor space for dry sows in pens has not been defined scientifically based on multiple measures of well-being. Few studies have evaluated the impact of the various design features of a group housing system that could affect aggressive encounters and adaptability of the dry sow. These potential factors include-but are not limited to-floor space, group size, diet, feeding strategy, time of mixing, and individual sow characteristics. Additionally, feed restriction and feeding systems have been identified as possible factors associated with the development of aggression and oral-nasal-facial behaviors in dry sows. Previous findings suggest that feeding sows different sources of fiber at different inclusion rates during gestation can affect performance, productivity, and stereotypic behaviors of pregnant sows (McGlone and Fullwood, 2001; Meunier-Salaün et al., 2001; de Leeuw et al., 2004) . Moreover, limited studies have assessed the effects of floor space provided during gestation (Weng et al., 1998; Salak-Johnson et al., 2007 and diet on well-being of group-kept gestating sows. Therefore, the primary objective of this study was to evaluate the effects of floor feeding a standard gestation diet supplemented with fiber to dry sows kept in group pens (10 sows/pen) at different floor-space allowances on sow performance, productivity, behavior, and endocrine status.
MATERIALS AND METHODS

Animals, Housing, and Experimental Design
Crossbred primiparous (first-pregnancy gilts; n = 46) and multiparous sows (parities 2 to ≥ 4; n = 175) and 19 sows were used to keep the group size constant. All sows were derived from Chester White and Yorkshire breeds and were assigned to a 2 × 2 factorial experiment. Forty sows/block (n = 6 blocks), balanced for BW and parity, were allotted randomly to either a standard gestation diet (CTL) or a modified gestation diet supplemented with fiber (FBR), and a floor-space allowance of either 1.7 m 2 or 2.3 m 2 /sow. All diets were formulated to meet or exceed NRC requirements (NRC, 1998;  Table 1 ). The CTL was composed primarily of shelled corn and soybean meal and provided 13.6% CP, 3,348 kcal ME/kg, 3.1% ADF, and 9.1% NDF, whereas the FBR included 15% wheat middlings and 30% soybean hulls at the expense of a portion of the shelled corn and soybean meal and provided 13.2% CP, 2,885 kcal ME/kg, 16.6% ADF, and 28.3% NDF. All sows were fed 6,700 kcal ME/d during the initial 90 d of gestation, and then they were fed 10,720 kcal ME/d for the remaining gestational period. To achieve the optimal energy level for these 2 feeding phases, sows were fed 2.0 and 3.2 kg/d of CTL and 2.3 and 3.7 kg/d of FBR, respectively. Sows were fed as a group on the solid portion of the floor with feed being evenly dispersed in a square configuration every morning between 0800 and 0900 h by the same individuals. Therefore, individual feed intake may vary among sows within the group regardless of parity. Sows had ad libitum access to 1 drinker equipped with 2 nipples. To achieve a space allowance of 1.7 m 2 /sow, groups of sows (10 sows/group) were kept in 2.7 × 6.2 m pens, whereas groups allowed 2.3 m 2 /sow space allowance were kept in 3.8 × 6.2 m pens in mechanically ventilated, insulated barns. The thermostat in the gestation facility was set at 21°C, but actual ambient temperature measured at sow level (~3 cm height) averaged 19.1 ± 5.3°C, and temperatures varied across seasons (Table 2) . Barns were maintained on a 10:14 h light:dark schedule, with lights on at 0700 h and off at 1700 h.
Sows were artificially inseminated within 24 h after estrus onset and again 24 h later. All bred sows were kept in individual stalls with the capability to turn around until pregnancy was detected ultrasonically on d 30 ± 2 postbreeding using an Aloka-500V ultrasound machine (Hitachi Aloka, Wallingford, CT) for transabdominal examinations. On d 35 of gestation, sows were allocated to their respective treatments and remained in their respective gestation treatment group until d 109 ± 2, when they were moved to a standard farrowing facility. Day 35 of gestation was chosen to allot sows to treatment to maintain U.S. industry standards for using group pens as a housing system. Illinois State University Institutional Animal Care and Use Committee approved the animal protocol for this experiment. 
Performance and Productivity Traits and Lesion Scores
Multiple sow-and litter-related traits (n = 221 farrowings) were sow BW, backfat depth (BF), and body condition score (BCS) on d 34, 65, 90, and 110 of gestation. Sow BF was measured using a longitudinal imaging ultrasound scan (E.I. Medical Imaging, Loveland, CO) cranial to the last rib. Using the visual appraisal (sow's rear aspect) method described by Coffey et al. (1999) and Salak-Johnson et al. (2007) , sow BCS (1 = emaciated to 5 = obese) was assessed by trained, experienced university personnel. Litter traits included total number of piglets born alive, sex ratio within litter, number of stillborn and mummified piglets, and preweaning mortality. Litter and mean piglet birth BW, weaning BW, and mean BW gain from birth to weaning were calculated. Sow skin lesion scores were recorded at the start of the experiment (d 34) and every 2 d for the first 2 wk of the experiment (phase 1), then biweekly throughout the experimental period (phase 2). Body locations ( Fig. 1) used to assess lesion scores included the head, ears, neck, chest/breast, shoulders, back, udder, rear, vulva, perineum, legs, and hooves. Lesion scores (Salak-Johnson et al., 2007) were based on the presence or absence of an apparently new or old lesion in conjunction with severity of the wound (0 = normal/no lesions; 1 = dehairing, callus, balding; 2 = redness, swelling; 3 = swelling plus callus, abscess; 4 = moderate wound, scabbed over scratch; 5 = marked wound, fresh scratch; 6 = severe wound, open wound; and 7 = severe swelling). An overall lesion score mean was generated by averaging all location scores for each sow and then categorizing into 4 levels instead of 7. The 4 categories generated based on the distribution of the location means were 0 = no lesions, 1 = minimal severity, 2 = moderate severity, and 3 = severe. Therefore, the overall lesion mean will be represented based on this scale, whereas body location means were based on the scale of 1 to 7 as described above.
Plasma Analysis
Sows in blocks 1 through 4 only (n = 40 sows/treatment) on d 34 (cortisol only) and 90 of gestation were nose snared, and 10 mL of blood was collected via jugular venipuncture using Vacutainers (Tyco Healthcare, Mansfield, MA) containing sodium heparin (the procedure lasted < 2 min) for endocrine measures. Blood samples were placed on ice and then centrifuged at 660 × g for 20 min, and plasma was removed and stored at 20°C until analysis.
Total plasma cortisol was measured on d 34 (baseline) and d 90 of gestation. Plasma nonesterified fatty acids (NEFA), glucose, and insulin concentrations were measured on d 90 of gestation only. A validated commercial RIA (Coat-A-Count; Diagnostic Products Corp., Los Angeles, CA) was used to measure plasma cortisol concentration (Sutherland et al., 2005) , with an intraassay and interassay CV of 4.5% and 5.6%, respectively. Plasma NEFA was assessed by adding 4 μL of plasma to 270 μL of HR Series NEFA-HR (2) reagents (Wako Diagnostics, Richmond, VA) then placing the solution into an Olympus Au680 laboratory analyzer (Beckman Coulter, Inc., Brea, CA) at 550 nm. Plasma glucose was assessed by adding 1.6 μL of plasma to 60 μL of Olympus OSR6621 reagent (Beckman Coulter, Miami, FL) and reading the concentration on the same Beckman Coulter Olympus Au680 instrument (Beckman Coulter, Inc.) at an absorbance of 340 to 380 nm, which was proportional to the amount of glucose present in the plasma. Plasma insulin levels were assessed using a porcine insulin ELISA (Mercodia, Winston-Salem, NC). Briefly, in duplicate, 10 μL of the diluted sample or standard was added to 96-well microtiter plates coated with mouse monoclonal anti-insulin. Peroxidase conjugated mouse monoclonal anti-insulin (100 μL) was added, plates were incubated for 1 h at 25°C on a plate shaker at 700 rpm, and then washed 6 times with wash buffer. Substrate TMB solution (200 μL) was added, and after 15 min, the reaction was stopped by adding 50 μL stop solution. The plates were read using a microplate reader (BIO-TEK Instruments, Winooski, VT) at 450 nm. A standard curve (0.02, 0.05, 0.15, 0.5, and 1.5 µg/L) was used to estimate total plasma insulin, and the intraassay and interassay CV were 1.88% and 2.0%, respectively.
Behavioral Measures
Sow behavior (n = 20 sows/treatment) was captured using 8 EverFocus colored cameras (EverFocus Co., LTD, Duarte, CA) that were mounted in EverFocus housing systems (EverFocus Co., LTD., Duarte, CA) to the ceiling of the gestation barn to view the entire pen. Sow behavior was recorded using Geovision GV-1240 (Geovision, Inc., Irvine, CA) video capture combo card and viewed using EZViewlog (Geovision, Inc., Irvine, CA) in real time. The Geovison combo card was programmed to record for 24 h on specific days of gestation; however, due to lighting schedule, behavior was only observed during 0700 to 1700 h. More specifically, behavior was observed and registered continuously by a trained observer from 0700 to 1700 h on d 37, 44, 76, 90, and 104 of gestation. Days of video observation varied between blocks 1, 2, and 3 based on logistics of recordings, but 50 h of total behavioral data were collected for each block. Behaviors registered included (Table 3) drink, eat, lay, stand, sit, oral-nasal-facial (ONF), shamchew, and aggression, and the 24-h d was divided into 3 time periods (1 = 0700 to 1100 h; 2 = 1100 to 1500 h; and 3 = 1500 to1700 h). Both duration and percentage of each behavioral bout were registered using continuous sampling for all 10 sows within each pen. Frequency of behavioral events (ONF, sham-chew, drink, and eat) were observed and registered for analyses. Focal sampling was not possible; therefore, observing subgroups of sows in ranges of 1 to 5 and 6 to 10 allowed for a quantitative assessment of sows and social interactions among sows.
Statistical Analysis
All data were analyzed with the mixed models procedure of SAS (SAS Inst. Inc., Cary, NC), with repeated measures. All traits were tested for departures from normal distribution, and natural logarithmic transformation was applied to all traits deviating from a normal distribution to facilitate the interpretation of results. A linear mixed-effects model was used to analyze the physiological measurements, and the model included the fixed effects of floor space (1.7 or 2.3 m 2 /sow), diet (CRL or FBR), parity (1, 2, and 3, and ≥ 4), day of measurement (level varies depending on measurement), and all possible 2-, 3-, and 4-way interactions. A random effect of block was included in the model to account for potential environmental and management differences across groups. All measurements were from a single sow; thus, the experimental unit was the sow based on results from Hanson et al. (2011) . The model for the behavior and performance measurements was similar to that used for the blood measurements, although hour of measurement was included in the behavioral model and day of gestation varied depending on day of measurement. Lesion scores being an ordinal variable required analysis with PROC GLIMMIX (SAS Inst. Inc., Cary, NC) to determine the means with a response distribution of Gaussian. Least square means were generated and separated statistically with pairwise t tests (PDIFF option). Significance was set at P ≤ 0.05, whereas trends were discussed at P ≤ 0.10.
RESULTS
Sows fed FBR and kept at 1.7 m 2 had heavier total litter, live litter weights, and weaned more pigs than sows fed FBR but kept at 2.3 m 2 of floor space (diet × floor space, P ≤ 0.04; Table 4 ). In addition, FBR-fed sows kept at 1.7 m 2 had fewer mummified fetuses than FBR-fed sows kept at 2.3 m 2 /sow (diet × floor space, P = 0.02). However, when kept at 2.3 m 2 /sow, total litter weight, total live litter weight, and the number of mummified fetuses were improved when sows were fed CTL compared to those fed FBR. Numbers of pigs born, stillborn, laid on, male or female did not (P ≥ 0.14) differ among treatments.
There were no interactive effects on lay (P ≥ 0.110), stand (P ≥ 0.149), eat (P ≥ 0.138), and aggression (P ≥ 0.340) behaviors (Table 5) . Even though the percentage of sitting did not (P = 0.244) differ among the treatments, the duration of sitting tended to be greater (P = 0.059) between CTL-fed sows kept at 2.3 than 1.7 m 2 / sow. Among sows fed FBR, those kept at 2.3 m 2 had more bouts of drinking than sows kept at 1.7 m 2 of floor space (diet × floor space, P = 0.028), especially between 0700 and 1100 h (P < 0.05; Fig. 2) ; however, neither 1 Control diet = standard corn-soybean meal gestation diet, and Fiber diet = diet supplemented with soybean hulls and wheat middlings at the expense of a portion of the corn and soybean meal.
2 Probablity value for the diet × floor-space interaction.
the percentage nor duration of drinking was affected (P ≥ 0.683) by any treatment. When sows were afforded a space allowance of 1.7 m 2 /sow, those fed FBR performed fewer bouts of ONF behavior than those fed CTL (diet × floor space, P = 0.044), but the proportion and duration of ONF was similar (P ≥ 0.388) among treatments. Additionally, the percentage of sham-chew bouts was greater for CTL-fed sows kept at 1.7 m 2 /sow compared with CTL-fed sows kept at 2.3 m 2 and FBRfed sows kept at 1.7 m 2 (diet × floor space, P = 0.016), whereas the frequency and duration of sham-chew bouts were greater in CTL-fed sows kept at 1.7 m 2 and FBRfed sows kept at 2.3 m 2 than either sows fed CTL and kept at 2.3 m 2 /sow or fed FBR and kept at 1.7 m 2 /sow (diet × floor space, P ≤ 0.025).
There were interactive effects of diet × phase and space × phase on several body location scores and ability to get up. Vulva lesion scores tended to be less severe for sows fed FBR diet during phase 2 than for those fed CTL diet (0.23 vs. 0.36 ± 0.053; diet × phase, P = 0.060; results not shown). Sows kept at 2.3 m 2 of floor space had less severe vulva lesion scores during phase 2 than sows kept at 1.7 m 2 (0.17 vs. 0.42 ± 0.052; space × phase, P < 0.001; results not shown). Sows kept at 1.7 m 2 /sow had less severe hind leg lesion scores during phase 1 than sows kept at 2.3 m 2 (1.62 vs. 1.79 ± 0.0624; space × phase, P = 0.053; results not shown), but sows kept at 2.3 m 2 of floor space had less severe front leg lesion scores during both phases than sows kept at 1.7 m 2 (1.5 vs. 1.8 ± 0.041 in phase 1 and 1.3 vs. 1.5 ± .054 in phase 2; space × phase, P = 0.024; results not shown). Sows fed CTL diet had less difficulty getting up than sows fed FBR diet during phase 2 (0.11 vs. 0.06 ± 0.011; diet × phase, P = 0.018; results not shown), whereas sows kept at 1.7 m 2 /sow had more difficulty getting up than sows kept at 2.3 m 2 during phase 1 (0.14 vs. 0.10 ± 0.010; space × phase, P = 0.019; results not shown).
There were no (P ≥ 0.10) interactive effects of diet and floor space on total lesion severity scores, body location scores, or lameness scores. Sows fed CTL diet had more (P < 0.02) severe vulva lesion scores than sows fed FBR diet (0.43 vs. 0.32 ± 0.030; results not shown). Sows fed FBR diet tended to have more (P < 0.10) severe head lesions (3.74 vs. 3.65 ± 0.037; results not shown) and more (P < 0.01) difficulty getting up from the lay position than sows fed CTL diet (0.13 vs. 0.09 ± 0.008; results not shown). Total mean severity lesion score was greater (P = 0.030) among sows kept at 1.7 m 2 /sow than those 1 Control diet = standard corn-soybean meal gestation diet, and Fiber diet = diet supplemented with soybean hulls and wheat middlings at the expense of a portion of the corn and soybean meal.
2 Percentage, bout duration, and frequency of behaviors performed (refer to Table 3 for definition/descriptions of each behavior) were measured between 0700 and 1700 h on d 37, 44, 76, 90, and 104 of gestation.
3 Frequency was only determined for behaviors categorized as events. 4 Probability value for the diet × floor space interaction.
Figure 2.
Interactive effect of diet (Control = standard corn-soybean meal gestation diet, and Fiber = diet supplemented with soybean hulls and wheat middlings at the expense of a portion of the corn-soybean meal), floorspace allowance, and time period (P < 0.05) on frequency of drink bouts performed between 0700 and 1100 h by group-penned sows (10 sows/pen) during gestation. a-c Bars lacking a common letter differ, P < 0.05. at 2.3 m 2 of floor space (1.87 vs. 1.82 ± 0.012; results not shown). Sows kept at 1.7 m 2 of floor space had more (P < 0.05) severe vulva (0.48 vs. 0.27 ± 0.031; results not shown), back (3.91 vs. 3.78 ± 0.033; results not shown), and front leg (1.59 vs. 1.46 ± 0.033; results not shown) lesion scores than sows kept at 2.3 m 2 /sow, but hind leg lesion scores were more (P < 0.02) severe for sows kept at 2.3 m 2 of floor space. Sows kept at 1.7 m 2 of floor space had more (P < 0.05) difficulty getting up from the lay position than did sows kept at 2.3 m 2 /sow (0.130 vs. 0.096 ± 0.008; results not shown).
Parity 2 and 3 sows fed FBR and kept at 1.7 m 2 of floor space were heavier and fatter than those fed the same FBR but kept at 2.3 m 2 (parity × diet × floor space, P < 0.001; Fig. 3 ). Regardless of floor space, parity 1 sows fed CTL had greater BF depth than did their FBRfed counterparts, whereas, among parity ≥ 4 sows fed FBR, those kept at 2.3 m 2 /sow were heavier than sows kept at 1.7 m 2 /sow (results not shown).
The CTL-fed sows had greater (P < 0.01) plasma cortisol concentrations than FBR-fed sows (29.1 vs. 22.3 ± 2 ng/mL; results not shown). Furthermore, sows fed FBR had greater (P < 0.01) plasma glucose levels than sows fed CTL (74.2 vs. 67.2 ± 1 mg/dL; results not shown), but NEFA tended to be less (P = 0.08) for FBR-fed sows than CTL-fed sows (0.11 vs. 0.13 ± 0.01 meq/L; results not shown). Sows fed FBR had greater BW gain on d 65 and 90 of gestation than their CTLfed counterparts, whereas CTL-fed sows had greater BW gain on d 110 of gestation than those fed FBR (diet × day of gestation, P < 0.01; Fig. 4 ).
DISCUSSION
These results imply that sows kept at a floor-space allowance of 1.7 m 2 /sow during gestation and floor fed a diet supplemented with soyhulls and wheat middlings between d 35 and d 110 of gestation had improved litter performance and productivity. Specifically, these sows had heavier total and live litter weights and heavier litter weaning weights, as well as weaned a greater number of pigs, than did those sows fed the same diet (FBR) but kept at greater floor-space allowance. Moreover, sow performance and productivity levels were often similar to, or improved over, sows fed CTL and kept at the same or greater floor-space allowance.
Earlier findings showed no effects on reproductive performance of gestating sows fed a fermentable nonstarch polysaccharide (Vestergaard and Danielsen, 1998) diet during gestation, whereas others reported a slight improvement in weaning weight of piglets from sows fed a high-fiber diet during gestation (see review by Reese [1997] ). Moreover, van der Peet-Schwering et al. (2003) reported an increase in the number of total piglets born, and live-born piglets were 0.5 pigs greater when sows were fed a fermentable nonstarch polysaccharide than sows fed a starch diet during gestation, despite a negative influence on sow BW and BF depth. Contrary to these negative effects on sow BW, results of the present experiment demonstrated an increase in BW gain between d 34 and 90 of gestation for those sows fed the fiber-supplemented diet, but, by d 110 of gestation, the BW of those Fig. 3 . Interactive effect of diet (Control = standard corn-soybean meal gestation diet, and Fiber = diet supplemented with soybean hulls and wheat middlings at the expense of a portion of the corn and soybean meal), floor-space allowance, and parity (results for parity 2 and 3 sows only) on (A) BW (P < 0.001) and (B) backfat depth (P < 0.001) of group-penned sows (10 sows/pen) between d 35 and 110 of gestation. a,b Bars lacking a common letter differ, P < 0.05. Fig. 4 . Interaction effect of diet (Control = standard corn-soybean meal gestation diet, and Fiber = diet supplemented with soybean hulls and wheat middlings at the expense of a portion of the corn and soybean meal) and day of gestation (P < 0.01) on BW gain of group-penned sows (10 sows/pen) during gestation. a,b Within gestation days, bars lacking a common letter differ, P < 0.01. same sows was actually less than sows fed the standard corn-soybean-meal-based diet. It can be hypothesized that energy was diverted toward stress-related biological functions rather than productivity for the FBR-fed sows kept at 2.3 m 2 /sow and was largely based on decreased litter productivity of these females. However, sows fed the same FBR and kept at 1.7 m 2 /sow had the same shift in BW gain late in gestation which could be due to energy diversion towards fetal development instead of sow BW gain or stress-related biological functions, thereby resulting in the observed increase in live litter birth weight.
Moreover, the amount of feed fed to sows on the fibersupplemented diet was increased so that all sows were fed 6,700 kcal ME/d during the initial 90 d of gestation and then were fed 10,720 kcal ME/d for the remaining gestational period, regardless of diet. Although individual feed intake or energy consumption was not measured, an improvement in litter traits was found when sows were kept at 1.7 m 2 / sow and fed FBR but not among sows at greater a floorspace allowance. Jensen et al. (2012) observed that shortchain fatty acids were greater in sows fed high-fiber diets and the diurnal variation in glucose was less in these sows. Sows in the current study had lower circulating NEFA but greater plasma glucose concentrations, potentially implying that FBR met energy requirements. Moreover, FBR-fed sows also had lower total plasma cortisol levels than the CTL-fed sows, and decreased cortisol has been associated with enhanced embryonic implantation and maintenance of pregnancy (Krasnow et al., 1996) . Hence, it was speculated that those sows kept at a greater floor-space allowance and fed a diet supplemented with soybean hulls and wheat middlings may have diverted energy towards other stressrelated biological functions rather than maintenance requirements, thereby negatively impacting sow well-being as indicated by the poor litter performance traits.
Conflicting results exist regarding the impact of feeding fiber on sow growth. Quesnel et al. (2009) found no effect of feeding fiber to gestating sows on BW gain or loss and BF depth. Conversely, Danielsen and Vestergaard (2001) reported sows fed a high-fiber diet of sugar beet pulp during gestation had greater BCS and BF depth; however, Holt et al. (2006) observed that sows fed a high-fiber diet of soybean hulls gained less BW and lost more BF during gestation compared with sows fed a standard corn-soybean meal diet. The differences among these research findings may be attributed to the source of fiber used in the gestation diets, as well as the level of fiber added to the diet because both factors can impact transit time in the gastrointestinal tract, water-holding capacity of the fiber type, and digestibility of other dietary nutrients (Bindelle et al., 2008) . Ramonet et al. (2000) reported that feeding a high-fiber diet to sows caused an increase in heat production with a delayed postprandial (after feeding) peak of heat production, maintaining the basal heat production rate at a higher level, which may explain the decrease in stand and postprandial oral nonfeeding behavior. Conversely, results of the present study do not support these findings, largely due to inconsistencies in drinking behavior, which may imply an increase in heat production among FBR-fed sows kept at either floor-space allowance. Therefore, implying that fiber alone was not the cause for the behaviors displayed by sows kept at 2.3 m 2 of floor space and fed fiber-supplemented diet.
Another important factor that may have contributed to the interactive effects of fiber and floor-space allowance on sow BW and BF depth is sow parity. A parity × diet × floor-space interaction for sow BW and BF depth was found, with the greatest effect being detected among parity 2 and 3 sows. Parity 2 and 3 sows fed FBR and kept at 1.7 m 2 floor space and CTL-fed sows and kept at 2.3 m 2 /sow had greater BW and BF depth than FBR-fed sows kept at 2.3 m 2 and CTL-fed sows kept at 1.7 m 2 / sow. These findings are similar to the results of Che et al. (2011) , in which they found that gilts fed a control diet gained more backfat during gestation than sows fed a high-fiber diet. Conversely, ≥ 4-parity sows had greater BW when fed FBR than when fed CTL; thus, results implied that parity, or sow age, impacted utilization of energy differently, possibly due to gut microbiota, which, in turn, influenced sow performance and, ultimately, litter productivity (Renteria-Flores et al., 2008) . Sow parity may be an important component when considering the amount of floor-space allowance and dietary treatment provided during gestation.
Sow aggression is a common problem associated with group housing systems, especially during feeding and mixing of sows (Arey and Edwards, 1998; Curtis, 2007; Remience et al., 2008) . Early attempts were made to develop diets, or feeding strategies, that aimed to reduce aggression, feeding motivation, and stereotypic behaviors often associated with restricted feeding of pregnant sows. Feeding fibrous diets to sows have been shown to increase the amount of time sows spend eating while decreasing aggressive encounters, feeding motivation, and both stereotypic and manipulative behaviors (Meunier-Salaün et al., 2001; van der PeetSchwering et al., 2003; Zonderland et al., 2004) . Bouts of sham-chewing were found to be increased among sows raised outdoors and fed high-fiber diets compared with sows raised indoors and fed the same high-fiber diet (McGlone and Fullwood, 2001) , and de demonstrated that self-directed and ONF behaviors were reduced when sows were fed a fermentable nonstarch-polysaccharide-rich diet. Results of the present study strongly support that sow productivity can be improved if sows are kept in small groups at a floorspace allowance of 1.7 m 2 and fed a diet fortified with soybean hulls and wheat middlings, whereas FBR-fed sows kept at greater floor-space allowance (2.3 m 2 ) do not perform as well; therefore, the combination of fibersupplemented gestation diet and adequate floor-space allowance has the potential to improve sow productivity and well-being. Moreover, feeding high-fiber diets, regardless of floor-space allowance, may improve other indicators of well-being.
Based on the present results, it is plausible that the sows fed a fiber-supplemented diet and kept at floor-space allowance of 2.3 m 2 may have more difficulty coping with their environment due to limited water resources impacting competition and aggression. It can be speculated that this increase in aggression due to an attempt to obtain resources may have compromised state-of-being of these sows, thereby diverting nutrients from other biological resources of the body, in particular reproduction. Based on behavioral sequences, it is possible that the fibersupplemented diet increased the motivation to maintain the natural eat-drink-eat sequence among sows and, with more floor-space allowance the sows were more likely to engage in aggressive encounters. Previous studies reported no difference in drink behavior or water intake among sows fed a high-fiber diet and did not report similar overall findings regarding productivity (Ramonet et al., 1999; McGlone and Fullwood, 2001; Meunier-Salaün et al., 2001) . The observed increase in drinking bout frequency due to sows having to walk farther in the group pens with larger floor-space allowance to obtain water may have resulted in water becoming a limited resource during feeding and after feeding. It is possible that more frequent drinking led to an increase in aggressive encounters around the waterers and within the feeding area among FBR-fed sows kept at 2.3 m 2 compared with sows kept in other treatments, which, although not statistically different, has potential biological relevance. Therefore, sows in this treatment group may have perceived their environment as stressful, which resulted in compromising litter traits and sow well-being.
Oral-nasal-facial behaviors may have been reduced in FBR-fed sows because the additional soybean hulls and wheat middlings may have improved satiety in these limit-fed sows (Meunier-Salaün et al., 2001; de Leeuw et al., 2008) . The amount of ONF behavior performed by sows fed CTL (60.8%) was biologically greater than FBR-fed sows (42.6%). An increase in satiety among sows fed the fiber-supplemented diet may have reduced feeding motivation, resulting in decreased motivation to perform feeding-related ONF behaviors. Similar findings were reported by Robert et al. (1997) , who observed a reduction in stereotypies after feeding when sows were fed oat hulls compared with sows that were fed less bulky wheat bran or corn cobs. Therefore, these results indicate that it is plausible to reduce or alter oral behavior by feeding gestating sows a fiber-supplemented diet because fiber appears to increase satiety.
Present findings indicated that sow performance, litter productivity, and behavior were all affected by the interaction between the amount of floor space provided and the dietary treatment consumed, with FBR-fed sows kept at a lesser floor space having improved sow performance, litter productivity, and improved short-term sow well-being.
Implications
A group-pen housing system for gestating sows that consists of a floor-space allowance of 1.7 m 2 /sow and floor fed a fiber-supplemented diet may improve sow and litter productivity. Moreover, feeding sows a highfiber diet may evoke the natural sequence of eat-drinkeat behaviors, as well as the lesser floor-space allowance may encourage this behavior because the water resource was closer to feeding area. Also, there is potential to further improve sow well-being if water placement is taken into consideration. These results indicate that combining components that comprise a housing system and/or management strategies can impact sow well-being, and, therefore, should be assessed further to determine an optimized system that truly improves sow well-being.
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